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TECHNICAL DISCUSSION 

A, Proqress Report for Month of May, 1965 

1. Power Supply System 

A discre te  component breadboard version of the inver te r  
and output f i l t e r  portion of the power supply has been 
b u i l t  and tes ted fo r  v a r i o u s  loading conditions. A 

variable d c  la!, supply and a pulse'generator were used 
t o  simulate the dc regulator and oscillator/countdown 
c i r cu i t ,  respectively. 

The Johnson counter has been b u i l t  w i t h  SN530 f l i p  flops. 

The breadboard model w a s  b u i l t  w i t h  d i scre te  Darlington 
power t rans is tors  instead of a single power t r ans i s to r  and 
integrated c i r c u i t  driver a f t e r  efficiency calculations 
indicated t h i s  was the best  approach. 

Work has a l so  begun o n  the regulator. From eff ic iency 
considerations a "switching" regulator i s  deemed 
necessary. One approach is  i n  block diagram form and a 
second straightforward technique i s  presently being 
breadboarded . 
Tentative specifications have been submitted t o  the 

device design enqineers on the  power switches and the 
integrated counters. Osci l la tor  specifications have been 
forwarded t o  two manufacturers of temperature compensated 
c rys ta l  o sc i l l a to r s .  Three suppliers (two outside and 
one in-house) have been contacted on system packaging of 
the three production u n i t s .  
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S i  The i n v e r t e r  b r e a d b o a r d  w a s  t e s t e d  w i t h  0, 1096, 100% and  
150% r a t e d  o u t p u t  w i t h  r e s i s t i v e  l o a d s  and also - 150% 
r a t e d  o u t p u t  a t  50% l a g g i n g  p o w e r  f a c t o r .  P r e l i m i n a r y  
d a t a  i n d i c a t e s  s a t i s f a c t o r y  o p e r a t i o n  i n  a l l  i n s t a n c e s .  

2. Progress Report on S u b s e c t i o n s  

a. C i r c u i t  Des iqn  

The b r e a d b o a r d  c i r c u i t  as  it now e x i s t s  i s  shown i n  
F i g u r e s  1A and 1B. The d c  power i s  s u p p l i e d  t o  the 

power switches from a d c  lab sclpply. Also ,  the t i m i n g  

p u l s e s  a r e  o b t a i n e d  from a p u l s e  g e n e r a t o r  and the 

Johnson  c o u n t e r  u s e s  a manual reset b u t t o n .  C u r r e n t  
o v e r l o a d  and v o l t a g e  l e v e l  s e n s e  t r a n s f o r m e r s  h a v e  
n o t  y e t  b e e n  added t o  the o u t p u t  c i r c u i t .  T h e  d c  
r e g u l a t o r  has n o t  b e e n  c o n n e c t e d  t o  the i n v e r t e r  b u t  
has b e e n  t e s t e d  w i t h  a r e s i s t i v e  l o a d .  

b. Power  Dev ices  

D a r l i n g t o n  power d e v i c e s  w e r e  compared t o  s i n g l e  
t r a n s i s t o r s  w i t h  i n t e g r a t e d  d r i v e  cj  r c u i t s .  A s  shown 
i n  the Appendix, t h e  D a r l i n g t o n  o f f e r s  t h e  higher 

e f f i c i e n c y .  Losses i n  the d r i v e  c i r c u i t  of the s i n g l e  
power d e v i c e  w e r e  g r e a t e r  t h a n  the i n c r e a s e  i n  collector 
losses of the D a r l i n g t o n  o v e r  the  s i n g l e  d e v i c e .  A l s o ,  

i t  i s  b e l i e v e d  t h a t  the  q r e a t e r  s i m p l i c i t y  of D a r l i n g t o n  

o v e r  s i n g l e  d e v i c e / d r i v e r  and  c i r c u i t r y  w i l l  u l t i m a t e l y  
r e s u l t  i n  higher r e l i a b i l i t y .  

E f f o r t s  are  d i r e c t e d  toward b u i l d i n g  t he  power D a r l i n g t o n  
t r a n s i s t o r s  b y  t h e  t w o  methods shown i n  F i g u r e  2 ,  T h e  

f i rs t  process shown i n  F i g u r e  2A makes u s e  of t w o  
discrete D a r l i n g t o n  t r a n s i s t o r  w a f e r s  mounted on t w o  
i n s u l a t e d  c o l l e c t o r  tabs. By u s i n g  the second process 
as shown i n  Figure 2B, the t w o  D a r l i n g t o n  pa i r s  w i l l  be 
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. i n t e g r a t e d  i n t o  a s i n g l e  s i l i c o n  c h i p .  T h e  t w o  
t r a n s i s t o r s  w i l l  be i so la ted  b y  a f i l m  o f  s i l i c o n  o x i d e  
formed b y  the p r o c e s s  shown i n  F i g u r e  3 .  A wafer 
d e s i g n ,  s i m i l a r  t o  t ha t  u s e d  i n  b u i l d i n g  the 2N3836 
D a r l i n g t o n  t r a n s i s t o r ,  h a s  b e e n  chosen  fo r  u s e  i n  
both approaches. 

T r a n s i s t o r s  b u i l t  b y  b o t h  methods w i l l  be e v a l u a t e d  

and t h e  process y i e l d i n g  the best  pe r fo rmance  and 
h i g h e s t  r e l i a b i l i t y  w i l l  be s e l e c t e d  f o r  b u i l d i n g  
t r a n s i s t o r s  for  t h e  b r e a d b o a r d -  and  f i n a l  assemblies. 

The d e s i g n  fo r  f a b r i c a t i n g  d e v i c e s  u s i n g  d i s c r e t e  w a f e r s  
i s  e s s e n t i a l l y  complete and piece par t s  are  on o r d e r .  
“he p r e l i m i n a r y  d e s i g n  f o r  the i n t e g r a t e d  assembly i s  
a p p r o x i m a t e l y  40% comple te .  

C .  Johnson Countdown Coun te r  and C i r c u i t  

T e n t a t i v e  g e n e r a l  s p e c i f i c a t i o n s  h a v e  b e e n  g i v e n  t o  the 

i n t e g r a t e d  c i r c u i t  d e s i g n  e n g i n e e r .  Each o u t p u t  o f  the 

Johnson c o u n t e r  shou ld  be c a p a b l e  o f  f u r n i s h i n g  2 , 5  m a  
i n t o  a D a r l i n g t o n  power d e v i c e  w i t h  a t o t a l  maximum and  

minimum V o f  2 . 2  and 1.1 v o l t s ,  r e s p e c t i v e l y .  The 

o u t p u t  impedance o f  each f l i p  f l o p  s h o u l d  be h i g h  i n  
o r d e r  t o  minimize  the effects  of v a r i a t i o n s  i n  the 

D a r l i n g t o n ’ s  VBE,so Also, the Johnson  c o u n t e r  s h o u l d  
a lways  l o c k  in to  t h e  p r o p e r  sequence w i t h  n o  more t h a n  
t w o  c o n s e c u t i v e  c l o c k  p u l s e s  upon s t a r t i n g  o r  r e c o v e r -  
i n g  from some temporary  m a l f u n c t i o n .  

BE 

Work d u r i n g  t h i s  r e p o r t i n g  p e r i o d  on t h e  s i n g l e  chip 

c i r c u i t s  w a s  c o n f i n e d ,  due  t o  a l a c k  of manpower, t o  

i n i t i a l  t e n t a t i v e  s p e c i f i c a t i o n  for the i n t e g r a t e d  
c i r c u i t s .  

’ e s t a b l i s h i n g  c i r c u i t  r e q u i r e m e n t s  and r e v i e w i n g  the  
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I! d. Power T r a n s f o r m e r s  

F i g u r e  4 shows t h e  power t r a n s f o r m e r  d a t a .  A t o r o i d a l  
core of r e c t a n g u l a r  hysteresis mater ia l  w a s  c h o s e n  

b e c a u s e  of i t s  h i g h  permeability. Supermendur,  ( t r a d e  
name of Magne t i c s ,  I n c . )  the material b e i n g  used ,  has 

the h ighes t  s a t u r a t i o n  f l u x  d e n s i t y  ava i l ab le  (- 21 
k i l o g a u s s ) .  

I n  o r d e r  t o  i n s u r e  maximum r e l i a b i l i t y ,  these t r a n s -  

formers were d e s i g n e d  so t ha t  u n d e r  t he  w o r s t  case 
c o n d i t i o n s  the  maximum f l u x  l e v e l  would be less t h a n  
one -ha l f  of the r e s i d u a l  f l u x  d e n s i t y  Br. 

er D.C. R e q u l a t o r  

I n  o r d e r  t o  achieve the d e s i r e d  e f f i c i e n c y ,  it w a s  
n e c e s s a r y  t o  u s e  a " s w i t c h i n g " t y p e  d c  r e g u l a t o r .  T h e  

f i x e d  f r equency ,  var iab le  d u t y  cycle approach w i l l  be 

u s e d  fo r  t h i s  a p p l i c a t i o n .  The s w i t c h i n g  f r e q u e n c y  of 
4.8  KC is used  since it  i s  h i g h  enough t o  i n s u r e  a 
l i g h t  w e i g h t  f i l t e r  and y e t  n o t  so high a s  t o  make 

s w i t c h i n y  losses a p p r e c i a b l e .  A l s o ,  a 4.0 KC s i g n a l  
i s  r e a d i l y  a v a i l a b l e  f rom the countdown c i r c u i t .  

S e v e r a l  v e r s i o n s  of  s w i t c h i n g  r e g u l a t o r  o v e r l o a d  c o n t r o l  
are  b e i n g  c o n s i d e r e d .  One approach  would u s e  c o n s t a n t  
c u r r e n t  l i m i t i n g  (i..e. f o r  any o v e r l o a d  i n  e x c e s s  of 

150% r a t e d ,  o u t p u t  v o l t a g e s  would be reduced  t o  l i m i t  
the  excess c u r r e n t ) .  The second approach (Figcire  1 B  

and  5 ) ,  which i s  the one  p r e s e n t l y  b e i n g  deve loped ,  
would u s e  simple c u t - o ~ i t  p r o t e c t i o n .  I f  e x c e s s i v e  

c u r r e n t  were  t o  f l o w  i n  any  le3 of t he  t h r e e - p h a s e  

o u t p u t ,  the  r e g u l a t o r  would h a v e  i t s  s w i t c h i n g  s i g n a l  
i n h i b i t e d  for a s p e c i f i c  t i m e  ( t h i s  i n h i b i t  t i m e  can  
be d e t e r m i n e d  b y  a one - sho t  "ON" t i m e ) .  A t  the end 
o f  t h i s  t i m e  the s w i t c h i n g  s i g n a l  would a g a i n  be 



a p p l i e d ,  and as l ong  as  the o v e r l o a d  would be p r e s e n t  
the s w i t c h i n g  r e g u l a t o r  would be c y c l e d  i n  and  o u t  of 
the operate mode. 

I n  the p r e s e n t  s t a t e  of the b r e a d b o a r d  ( F i g u r e  l), 
t w o  l o w  l e v e l  dc s u p p l i e s  are u s e d  t o  s imula te  the 
o v e r l o a d  c u r r e n t  and o u t p u t  v o l t a g e  s i g n a l s .  

f, Outpu t  F i l t e r  

The three-phase o u t p u t  f i l t e r  Shown i n  F i g u r e  1 A  w a s  
d e s i g n e d  t o  have a b r e a k  p o i n t  a t  8 . 5  t i m e s  the  

fundamen ta l  as s u g g e s t e d  b y  Kernick ,  Roof and H e r n r i c h .  
T h e  r e s u l t  was 4% d i s t o r t i o n  a t  100% l o a d  ( r e s i s t i v e ) ,  
and a no  l o a d  d i s t o r t i o n  a t  10%. The cores u s e d  w e r e  
Magne t i c s  I n c o r p o r a t e d  P e r m a l l o y  powdered i r o n  temper- 
a t u r e  s t a b i l i z e d  cores. 

1 

g . Tempera tu re  Compensated C r y s t a l  Osc i l l a to r  

S p e c i f i c a t i o n s  have b e e n  s u b m i t t e d  t o  t w o  m a n u f a c t u r e r s .  
The f r e q u e n c y  r e q u e s t e d  i s  2.4576 mc.  

Kornick ,  A., J.L. Roof, T.M. H c r n r i c h ,  " S t a t i c  I n v e r t e r  w i t h  
N e u t r a l i z a t i o n  of Elarmnnics, A I E E  T r a n s a c t i o n s  (Communications L 

& E l e c t r o n i c s ) ,  May, 1962, pp. 59 - 68. 

1 



B Current Problems and Proposed Corrective Action 

There have been no problems encountered to  date .  



. c,. Work t o  be Performed D u r i n q  Next Monthly Reportinq Period 

During the  next reporting interval ,  work w i l l  continue towards 
the goal of a complete ful ly  functioning closed loop breadboard 
model. Considerable e f for t  w i l l  be expended on the regulator, 
since i t s  development lags behind other portions of the c i r c u i t  
at t h i s  time. Emphasis w i l l  also  be placed on ordering commer- 
c i a l  par t s  such as  transformers and f i l t e r  cores, ac and dc 
f i l t e r  capacitors. 

1. Power Switches . 
The Darlington switch shown i n  Figure 1A w i l l  be replaced 
with a 2N3836 type Darlington. This approach w i l l  bring 
us one s tep closer  t o  the f u l l y  integrated push-pull pair .  
During June, the fabrication of a number of two-wafer 
assemblies w i l l  begin. The design of the oxide-insulated 
assembly w i l l  be completed during June and processing masks 
w i l l  be ordered so t h a t  a group of sample devices can be 
fabricated i n  J u l y .  

2, Countdown and Johnson Counter 

Additional manpower is expected, which w i l l  be used t o  
i n i t i a t e  a detai led investigation of the type of c i r c u i t s  
required for t h i s  program, and on i n i t i a t i o n  of the actual  
c i r c u i t  design effor t .  A desirable feature w i l l  be t o  use 
the same basic  c i r cu i t ry  for  both the Countdown array and 
the Johnson Counter array! thus ,  both c i r c u i t s  w i l l  come 
from the same s l ice .  

3. Requlator 

A d i f f e r e n t i a l  amplifier w i l l  be required for  the regulator 
comparison element. Most integrated c i r c u i t  types require 
plus and m i n u s  voltages. An  e f f o r t  w i l l  be made to  locate 
commercial d i f f e ren t i a l  amplifiers which do not require a 
negative voltage and/or to  build one by a lead pattern changc? 
from an exis t ing network. 
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H o p e f u l l y  an  i n t e g r a t e d  c i r c u i t  v e r s i o n  of the m o d i f i e d  
one - sho t  c a n  also be o b t a i n e d  and t e s t e d  i n  the c i r c u i t  

d u r i n g  the n e x t  r e p o r t i n g  i n t e r v a l .  

4. Three-phase F i l t e r  

Work w i l l  c o n t i n u e  o n  the f i l t e r  i n  a n  e f fo r t  t o  o p t i m i z e  
the s i z e  and  f i l t e r i n g  capabili t ies.  Reducing the L/C. 
r a t i o  and l o w e r i n g  t h e  c o r n e r  f r e q u e n c y  w i l l  be c o n s i d e r e d  
i n  o r d e r  t o  r educe  t h e  n o  l o a d  d i s t o r t i o n .  The p r e s e n c e  
of a s m a l l  f i f t h  harmonic c o n t e n t  '(see Appendix)  makes i t  
desirable t o  l o w e r  t h e  c o r n e r  f r e q u e n c y  b e l o w  2 KC. 
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APPENDIX 

A. Data - P r e l i m i n a r y  Breadboard  

T y p i c a l  data  taken w i t h  a r e s i s t i v e  25  Zl/phase d e l t a  l o a d :  

I n p u t  d c  v o l t a g e  t o  i n v e r t e r  
I n p u t  d c  c u r r e n t  t o  i n v e r t e r  
Peak reflected l o a d  c u r r e n t  i n  

collector of each t r a n s i s t o r  
Ou tpu t  v o l t a g e  (across each 25  Zl resinkor) 
D i s t o r t i o n  of phase A-B 

T o t a l  power o u t p u t  
Power i n p u t  
E f f i c i  e n c y  

20.8 v o l t s  
5.06 amps 
1 . 2  amps 

26 V rms 
4 .0  % 

81 w a t t s  
1 0 5  w a t t s  

77.1% 

B. Power S w i t c h e s  - D a r l i n q t o n  v e r s u s  T r a n s i s t o r / D r i v e r  

The power s w i t c h  u s e d  i n  t h i s  i n i t i a l  b r e a d b o a r d  is shown i n  
F i g u r e  1. W i t h  t h i s  D a r l i n g t o n  s w i t c h  and a p p r o x i m a t e l y  2 m a  
of base d r i v e ,  VCE on w a s  n e v e r  more t h a n  1 v o l t  w i t h  a peak 
reflected load c u r r e n t  of 2.2 amps (which o c c u r r e d  a t  150% of 
r a t e d  o u t p u t  power) . 
An a n a l y t i c a l  compar ison  w a s  made be tween the D a r l i n g t o n  
s w i t c h  and a s i n g l e  t r a n s i s t o r / i n t e g r a t e d  c i r c u i t  d r i v e r  

combina t ion  t o  d e t e r m i n e  the most e f f i c i e n t  approach. 

Typical s p e c i f i c a t i o n s  w e r e  f o r e c a s t e d  as shown belowz 

D a r l i n q t o n  Specs T r a n s i s t o r / D r i v e r  Specs 

= 0.8 v o l t s  

= 1 . 2  v o l t s  

50 m a  

'CE on 

'BE 

IB 

* 1.4 v o l t s  

= 2 v o l t s  

= 2 m a  

'CE on 

'BE 

I B  

IC peak = 1.2 amp ( a t  100% IC peak 1 . 2  amp ( a t  100% 
rated load) r a t e d  load) 
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Average 

P 
avg . P 

Transistor/Driver Specs 
(Continued) 

V for driver = +5 volts cc 
= max current 
drawn from 

- 53.5 m a  

I C C  

v supply cc 

Note in both instances: 
* 

IC peak is considered to be the peak value of the positive 
half of a sinewave. 

is considered to have a constant magnitude throughout 'CE on 
the "ON" time. 

Power losses due to switching interval are considered 
negligible since rise and fall times combined are assumed 
to be 2 psec or less. 

Darlinq ton 

power lost in each Darlington switch: 

'BE 'B + IC peak VCE on = ( 2 ) ( 2  x l o u 3 )  + 
2 n 2 

(1.2) (1.4) = 10.735 watts 1 
n 

Transis tor Driver 

Average power lost in each transistor/driver switch = 

1/12 of total power lost in all integrated circuit drivers 
including the common 5 volt driver power supply and all 
single transistor switches. 
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P avg * ('input DC Icc) (No. of d r i v e r s  on a t  once) + 
12 

IC peak vCE on r= (28)  ( 5 3 . 5  x loo3)  (6)  
n 1 2  

( 1 . 2 )  (0 .8)  = I 1 .05  w a t t s  1 
n 

+ 

Calculat ion of Transis tor  Collec,or Losses i n  the  ON Condi-ion 
e 

V C E  
V C E  u 

2n n 

d* = do( = Plost 2TT 2n  /I: P sin VCEon 
0 0 

n 

I n I 
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,C. ? r a n s f o r m e r  Des iqn  

Accord ing  t o  the l a t e s t  Magnet ics  I n c .  data on Supermendur 
material : 

19K Gauss - Bm minimum @ 25'C - 
B r  minimum Q 25.C N (0 .9)  Bm minimum a 17.1K Gauss 
B r  minimum Q 165'C = (-955) B r  minimum Q 25.C = 1 6 . 1 K  Gauss  
Using  45% of 1 6 . 1 K  Gauss  a s  the  maximum permissible o p e r a t i n g  

f l u x  d e n s i t y  Bx; 

= ( .45)(16.1K) = 7.25K Gauss 
BX . 
The maximum p r i m a r y  v o l t a g e  E, w h i c h  c a n  be t r a n s f o r m e d  t o  
the s e c o n d a r y  w a s  assumed to be 21 v o l t s .  (Subsequent  d a t a  
i n d i c a t e s  t h i s  t o  be a safe c o n s e r v a t i v e  estimate).  This 

v o l t a g e ,  and the desired max f l u x  d e n s i t y  Bx d e t e r m i n e  the  

n e c e s s a r y  number o f  p r i m a r y  t u r n s  N 1' - E ( l o R )  
N1 4 B x F A  

Where F = 400 cps 
A area of c o r e  i n  s q . c m .  = 0.686 

r= 264 t u r n s  N1 

The s e c o n d a r y  t u r n s  w e r e  de t e rmined  f r o m  a c o m b i n a t i o n  of 
c a l c u l a t i o n s ,  es t imat ions  and d a t a  o b t a i n e d  from a f i r s t  

attempt. 

D. O p e r a t i o n  of Voltaqe Requ la to r  ( F i g u r e  5 )  

T h i s  c i r c u i t  i s  s imi l a r  t o  t h e  one  i n  F i g u r e  1 B  w i t h  the  

e x c e p t i o n  t h a t  t h e  lab s u p p l i e s  h a v e  b e e n  replaced by a c t u a l  

s e n s i n g  c i r c u i t s  and a d i f f e r e n t i a l  comparator amplifier. 
T h i s  m o d i f i c a t i o n  w i l l  be made i l l  a f u t u r e  r e p o r t i n g  period. 

This c i r c u i t  operates i n  the f o l l o w i n g  way; the v o l t a g e  s e n s e  

s i g n a l  from the 3 o u t p u t  is compared t o  a v o l t a g e  r e f e r e n c e  
z e n e r  and  a n  amplified error s i g n a l  appears a t  the o u t p u t  of 
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the d i f f e r e n t i a l  amplifier, This analog voltage i s  fed in to  
N and the output of N1 i s  a constant frequency (4.8 KC) 
duty  cycle modulated pulse t r a i n  which passes through the AND 
gate and operates the series power switch. I f  an overload 
current i s  sensed, the Schmitt t r igger  f i r e s  and simultaneously 
s e t s  the RS f l i p  f lop and act ivates  the one-shot NZ' 
the RS f l i p  flop i n  a s e t  condition and I_ AND gate inh ib i t s  
the modulated pulse t ra in ,  thus shutting o f f  the regulator. 
However,% the R S  f l i p  f lop is  automatically rese t  when the 
one-shot returns t o  i t s  normal s ta te ,  thus enabling the - AND 

gate to  once again pass the pulse t r a i n  and the regulator 
provides an output voltage again. 

1 

With 

0 

The one-shot N1 which performs the function of an analog to  
variable d u t y  cycle converter i s  a t  present b u i l t  w i t h  d i sc re t e  
components b u t  i t  i s  f e l t  that  with a minor lead pat tern 
change a standard SN1005 can be used. Figure 6 shows the 
c i r c u i t  of the SN1005 as  it w i l l  be a f t e r  modification and 
the external diodes and capacitor and r e s i s t o r  which w i l l  be 
necessary. During the "OFF" in te rva l  ( i . e .  when Q, i s  "ON") 

the capacitor C1 charges up t o  Vcc-Vx through D1. 

forced "OFF" C1 charges toward Vcc from an i n i t i a l  charge of 
- I  (Vcc - Vx) as shown i n  Figure 7. 

When Q1 i s  

Obviously the "ON" time can be varied from almost 0 t o  100% 

duty cycle a s  Vx varies from Vcc t o  0 respectively. 

The S c h m i t t  t r igger  shown i n  block form i n  Figure 5 i s  shown 
i n .  schematic form i n  Figure 8. I t  uses + 3.5 vol ts  as do a l l  
the c i r c u i t s  used i n  the switching regulator with the exception 
of the modified one-shot Nle I t  i s  a l so  anticipated tha t  the 
d i f f e r e n t i a l  amplifier, although not y e t  designed, w i l l  use a 
voltage other than 3.5 v o l t s .  
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A t  present the se r i e s  switch is made of two TIXP07  i n  a 
Darlington configuration which have been selected fo r  good 
current gain and saturation voltage a t  8 amps. 

The output f i l t e r  a t  present uses a 500 pf, 50 vol t  capacitor 
and an 800 ph iron core choke. Maximum ripple  observed with 
a r e s i s t i ve  load has been only 7 mv, despite the f a c t  t h a t  
the inductance is  not large enough t o  maintain current flowing 
through it  under conditions of low du ty  cycle operation. 

Tests with the breadboard i n v e r t e r  indicate tha t  the switching 
regulator must  be capable o f t  

. 

E i n  
4vq. Volts 

I Line Supply 

Eou t 
Avq. Volts 

Regulator Chitput 

30 

1 
1 

16 

28 

2 s  
20.8 
23.2 

Inverter  Load 
% of F u l l  Load 

Iout 
Avq.  Amps 

5 . 0 6  

7.61 

0.26 

100 

150 
0 

E, F i l t e r  

F i l t e r  components were calculated on the bas i s  of a second 
order two element f i l t e r  as shown i n  Figure 9A. 

I n  a three-phase system, two inductors are  i n  s e r i e s  with any 
phase load. Also, the capacitor across any phase has i n  

p a r a l l e l  with i t  the ser ies  combination of the other two-phase 
capacitor. For t h i s  reason the f i l t e r  components a re  a l tered 
from the calculated value as  indicated i n  Figure 9B. 



F. Waveform Analysis 
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PROCESS 1 
TWO trap 

PROCESS 2 
S I N G L E  CHIP 

P 

S i 0 2  

SILICON WAFER I SOLATI ON 
COLLECTOR TAB 

CERAMIC INSULATION 

A B 

F I G U R E  2 



INTEGRATED POWER TRANSISTOR FABRICATION PROCESS 

1)  ,', STARTING MATERIAL 

3 - 5 n c m  

2 )  ETCH ISOLATION 

QROOVES n 
3 )  DEPOSIT 

E P I T A X I A L  N+ 

I f 

....., I _. .. .. ... .-.. ...-. C.. , e-. -....r . .. ..-. 

4 )  GROW OXIDE 

5 )  DEPOSIT 

E P I T A X I A L  SUPPORT 

6 )  LAP AND POLISH 

TOP S I D E  

7 )  DIFFUSE BASE, DIODE, 

AND EMITTER 

8 )  APPLY CONTACTS 

FTCTTRF! 7 
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y-P-N MULTIELEMENT EPITAXIAL PLANAR SILICON POWTR TRANSISTORS 
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. ,  
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0 

0 

TWO TRIODES AND COMMUTATING DIODE 
IN MONOLITHIC DARLINGTON CONFIGURATION 

Very-High Gain - 1000 niin at 5 a 
High-speed Switching - 0.5 [(set max t, 

I 

dovico rchomatic 

Base 1 
0 - 

T 
I 

Base 2 
0 

0 Emitter 

*mochanfcal data 

I ALL LEADS INSULATED FROM CASE I 
I '  

1 * DIMENSIONS ARE IN INCHES UNLfSS OTHERWISE SPECIFIED I 
'absolute maximum ratings at 25°C case temperaturo (unlosr otherwise noted) 

2N3836 2N3837 

Collector-Bore-1 Voltage . . . . . . . . . . . . . . . . . . . .  
Collector-Emitter Voltage (See Note 1) 
Emitter-Base-1 Voltage . . . . . . . . . . . . . . . . . . . . .  
Collector Current . . . . . . . . . . . . . . . . . . . . . . .  
Commutating-Diode Current (See Note 2) . . . . . . . . . . . . . .  
Base-1 Current . . . . . . . . . . . . . . . . . . . . . . .  
Base-2 Terminal Current . . . . . . .  ; . . . . . . . . . . .  
Continuous Device Dissipation at  (or below) 25°C Case Temperature (See Note 3) . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 
Operating Case Temperature Range . . . . . . . . . . . . . . . .  
Storage Temperature Range . . . . . . . . . . . . . . . . . . .  
Lead Temperature Hc Inch from Case for 10 Seconds. . . . . . . . . . .  

. . . . . . . . . . . . . . .  8Ov 1oov 
60 v 80 v 
t 1 4 v  -+ 
f- 7 0  -+ 
t - 2 0  ---t 
t 0.1 a -+ 
+- l a  -+ 
t 2 5 w  4 
t lw + 
-55°C to f20O0C 
-55.C to  +2OO"C 
+- 260°C -+ 

PRELIMINARY DATA SHEET: ' .  
Supplcmenlrry data wi l l  be 
publirhed e l  a lettr deb.  

I '  

TEXAS I N S T R U M E N T S  
I N C O R P O R A T U D  

.LMICONDUCTOR-COMrONLNT. DIVISION 
vomi  orrtc. m e a  meis OALLID si. 1 1 x 1 ~  

. . . . . . . . . . . . . . . .  ~ 

~ 

I-. - 
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*electrical charactorlstlcr at 25.C case temperature (unless otherwise noted) 

PARAMETER 

Vlnlcro Collector-Emittnr 
Breakdown Voltoge 

Ino Collector Cutoff 
Current 

l a r  Collector Cutoff 
Current 

l ~ i l ~  Emiller Cutoff 
Current 

hm Stotic Fomord 
Current Transfer 
Katio 

Vmt.~ Bare-l - Emitter 
volloge 

VcE(,,,l Collector-Ernltttr 
Saturotlon Voltnge 

V K r  Commuloting-Diodn 
Forward Voltoga 

Ihhl Small-Slgnal Common- 
Eniitler forward 
Current Tronrfer lotio 

coblo Common Bass 1 

__ - .- 

- .__ 

Open-Cirtult Oulput 
Copocitoncn 

tobl. Conrmon.Eorn-2 
Open-Circuit Oulput 
Cnpocllance 

TEST CONDITIONS 

Vt#t=14v, Ic=O, 11, = 0, 

V C E = ~ V ,  Ic=SOmo, lD1=o, 
See Note 5 

Vce=2v, I c = 2 0 ,  Is, = 0, 
See Note 5 

Sea Note 5 

T c = - W C ,  Sce Note 5 

v = = ~ v ,  I c = 5 a ,  ' Is* = 0, 

VCl'2V, lc=20, ID, = a, 

IB1 = 2 mo, IC= 2 0, 181 = 0, 
See Note 5 

lBl=lOmo, Ic=50, Is1=0, 

Iir=2mo, l c = 2 0 ,  111 = 0, 

In1 = 10 nio, IC = 5 0, t l , , = O  

lc=-2 0, 111 = 1i,=o 

See Note 5 

See Note 5 

See Note 5 

- 

Vcc= IO v, IC= 1 a, I#] = 0, 
f=20Mc 

Vc,1= 10 v, I € = %  Ill = 0, 
f = 100 kc 

V o * =  IO v, Ic=O, 1,1= 0, 
1= 100 kc 

2N3836 2N3837 

MIN MAX MIN M A X  
UNll - 

. .- -- 
60 80 V 

-- 
10 10 p.0 

.- 

lo 
10 

I 500 
1 I 

1000 1000 

2000 20,000 2000 20,000 

1000 1000 

500 500 

1.2 2 1.2 2 

2.6 2.6 

1.4 1 1.4 

1.8 1 .8 

1.5 

.- 

V 

V 

1.5 v 

1 -  1 4 

Kt I 1 

TEXAS I N S T R U M E N T S  
t N C O R P O R A T L 0  

rJLMICONOIJCTOR.COMPONLNTB D l V l O l O N  
C O ~ T  o r r i c e  oon O O I Z  D A L L A S  z a  T L X A S  



1 rwitchlng charactoristics at 25% case temperature i 

I 

TEXAS I N S T R U M E N T S  
I N C O R P O R A T L D  

SLYICONDUCTOR-COMPONENT0 DIVIOION 
COST O C C I C L  moa a 0 1 1  D A L L A S  2) .  TLIAS 

f 
I 

I PARAMETER I TEST CONDlTlONSt MIN M A X  UNIT 

*PARAMETER MEASUREMENT INFORMATION I 

t 
I 

\ 

14 0 
t 2 8 v  

OUTPUT 

INPUT 

... 
TEST CIRCUIT 

. 

I 1 VOLTAGE WAVEFORMS 

i 

1 

i 
i 

1 
I 

1 
1 
I 

I 

i 

I 
i 

4 

1 

i 
.I , 

! 

i 
! 

, 

! 

i ,  

I 

I 



P-8-3 E?iTAXiAL 
I 

?LAMA8 SiiiCON 

HIGH-VOLTAGE, HIGH-FREQUENCY POWER TRANSISTOR 
Recommended for Coinplementary Use With 2N1722 

0 50 Waits at IOO'C Case Temperature 

e Maximum rCE(sat) of 0.25 Ohm at 5 Amperes I C  
0 Pdlaximuni V,, of 1.5 Volts at 5 Amperes I C ,  

0 Minimum fr of 10 Megacycles 

mechanical data 

-. _ _  . . 

. . . . . . . . .  

THE (OLlE(T0R IS IN ElEClRl(A1 ( O N l A ( 1  WITH I H E  ( 1 5 1  

A11  JEDEC 70-53 
DIMENSIONS AN0 
NOTES ARE 
APPlI(A1LE. 

NO11 

I 1-4 ~ . r l m ,  -rwd m r 4  r* r l )  

I 
1 - EMITTER 
2 - BASE 
3 - COLLECTOR 

I A L L  DlMFNSlONS ARE IN  I M H F S  

absolute maximum ratings at 25OC case temperature (unless otherwise noted) 

Collector-Base Voltage . . . . . . . . . . . . . . . . .  
Collector-Emitter Vol lage (See Note 1) . . . . . . . . . . . .  
Emitter-Base Voltoge . . . . . . . . . . . . . . . . .  
Continuous Collector Current . . . . . . . . . . . . . . .  
Continuous Base Current . . . . . . . . . . . . . . . .  
Continuous Safe Opera l ing Region . . . . . . . . . . . .  
Continuous Device Dissipation a t  100°C Case Temperalure (See Note 2) . 
Continuous Device Dissipation of 25OC Free-Air Temperoture (See Note 3) 
Operat ing Cnct' lemperoture Range . . . . . . . . . . . .  
Storoge Temperature Range . . . . . . . . . . . . . . .  
Lead Temperciture 'L Inch from Cose for 10 Seconds . . . . . . .  

NOTES 1 .  l h i r  value orplar i  v lwn b o l r  t m ~ l l r t  dlodr  ' I  0 1  -n , , r c u 1 1 4  

2 D C I O ~ Q  linrorly l o  171'( ( o w  Isniperalure P I  the  r o t a  nl  0 61 w / C D  

3. D m l e  I ineoi l i  IO 175'( fire O H  I - r ipetolure 01 I ~ I  r a ~ e  e l  10 in./('' 

. . . .  

. . . .  

. . . .  

. . e .  

. . . .  
. e . .  

* . . a  

. . . .  

. . . .  

. . . .  

. . . .  

7J n 
X 

-0 m H 

4 

I 

. . * . - l o o v  

. , . - 8 0 ~  

. . . .  - 8 ~  
-7.50 

. . . .  - 1 0  

I 
I . . . .  . j  

. . See f igure 2 i 
I .  . 
j i  . . , 5 0 w  

. . . .  3 w  

-65OC to -t 175OC 1 
I I  

-65OC to +2OO0C 
. . , 26OoC 

PRELIMINARY DATA S H F l T  
Suyplcmcntary data wi l l  be 
published et a later dale. 

I:,,;, TEXAS I N S T R U M E N T S  
I N C O R P O R A T E D  b/ S E M I CONDUCTOR -COMPO N EN 18 0 I V I 6  I O N  

C O S T  O r ? l C C  O O X  ¶OlZ D 4 L L A S  2 2 .  T L l 4 s  
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electricul Characteristics ut 25'C case temperature (unless otherwise noted) 

.___. .. __ 
v,, = - l O O v ,  VOE 0 v -1 

V,, 7 -5 v, IC = -100 ma, See Notes 4 ond 5 20 

VCE = -5 v, IC -2 -5 a, See Notes 4 ond 5 20 

I -100 lcEs Collector (uloff Current 

Itlo lrnittcr (utoll Current i.-- 'V,, = -7 v, IC = 0 
~ 

lVcF z-. -100 V, VIE -= 0 V, Tc = 15OoC 
-0.1 

20 90 - V C E  = -5  v, IC := -7 n, See io6s 4 and 5 
---___.. h F f  S t o f : (  Friimrd Current 

Tronrler Rolio V,, = -5 v, I C  -: -2 n , Tc r- - S I 0 ( ,  Sec Moles 4 and 5 12  

-1.2 
-1.5 

VcE = -5 v, 
IO y x  -500 ma, 

IC = -2 a, 
IC = -5 a, 

Sce Notes 4 ond 5 
See Notes 4 ond 5 

~ - - -  V w  Bore-Emitter Volfoge 
-____ 

pa 

pa a- 

V 

-0.5 

I V 
I In -700 ma, IC -- - 2  o, See Nbter 4 and 5 
1 1 ,  -- -500 ma, IC - -5 o,  See Notes 4 and 5 -1.25 kf,.t, Collector-Emitter Snturotion Voltoge 

1 Or,, Smnll Signal Common Emitter 
rorvlord Current Trorljfer Rotio 

Output Copnritonce 
Cobo (onimon-Eosc Open-Circuit 

VCE -1 S V, IC  -500 ma, f = 5 MC 2 

vc, = -1s v, I = l M c  400 pf Is = 0, 

N O I E S :  4 .  lhr te  poramtlert mu11 bo mtaturtd wing pulis techniques. ?W = 100 i t tor ,  Duly Crclc 5 1% 

5. There p o r o m t l w  ore mcaturrd w i lh  vsllogc-senring tonlorts locoled 0 15 in, from I h i  heodtr 01 the Iroarirlor Volloge tenting r o n l a f l l  1111 soparol l  from wIOIII- 
torf l ing (anlat l r .  

THERMAL INFORMATION 

E 

i' 
E 

I 

.- 
i 0 

c a. 

0 

CASE TEMPERATURE 
DISSIPATION D l R A T l N G  CURVE 

SAFE OPERATING REGION 

10.0 

1 7.0 
0 

L 

c E 4.0 
V 

c 2 1 .o 

5 

3 

*: 0 .7 

V 

U - 
0 1  

MAXIMUM SAFE C O N T I N U O U S  OPERAllNG REGION 

Oprrution above muximum V,,, i s  
permissible i f  the bare i s  reverie- 
volloge-biosed with respect lo the 
emitter ovd the collec~or-bore- 
voltoge rot i rq  i s  not exceeded. 

I 2 4 7 10 20 40 70 I00 
Vct - Collec1or-Ernitter Voltcge - v 

FIGURE 2 

I N C O R P O R A T E D  
S E M l t O N D L C T O l l  C O M P O N L N T S  D I V I S I O N  
~ 0 5 r  O F T I C E  B O X  5 0 1 2  e DILLIS 2 2  T E X I S  
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